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ABSTRACT 
Sequential alterations in the ultrastructure of blood platelets observed during the clotting 
of human platelet-rich plasma are described, with emphasis on disintegration of the platelet. 
As the clotting reaction proceeds, aliquots of citrated and recalcified citrated plasma are 
fixed by adding buffered OsO,.  After recalcificafion a  lag period of about  10 minutes is 
followed by an interval of rapidly occurring changes which include reorientation of cyto- 
plasmic contents, progressive central degeneration, and disruption of the platelet limiting 
membrane.  Shortly thereafter vesicular platelet remains  are  seen  at  the  peripheries of 
loosely arranged and widely spaced masses of granular material. As clot retraction proceeds, 
these masses gradually come closer together, become more and more compact, and finally 
disappear. At the same time the vesicles undergo progressive disintegration until at the end 
of the experiment, 2 hours after recalcification, only a few are found randomly distributed 
in a dense clot. The significance of progressive disintegration and the origin of the vesicles 
observed in the later stages of the experiment are discussed in relation to clot formation 
and clot retraction. 
It is well known that platelet aggregation occurs 
during  the  formation  of  the  white  thrombus. 
Schulz  has  demonstrated  the  fine  structure  of 
thrombi  adjacent  to  interrupted  endothelium  in 
alveolar capillaries of the  dog  and  the  rat  (i). 
Similarly  Kjaerheim  and  Hovig  have  recently 
illustrated  the  platelet aggregates which  formed 
hemostatic  thrombi  in  a  transected  blood vessel 
of the rabbit mesentery (2). The rapid formation 
of the hemostatic plug and the problems inherent 
in sampling a  bleeding vessel render difficult the 
orderly demonstration of platelet alterations from 
their inception to the formation of a  plug which 
would stop bleeding. 
Several investigators have studied the  electron 
microscopic  appearance  of  individual  platelets 
and platelet aggregates under varied experimental 
conditions. In the first of these reports, by Wolpers 
and  Ruska  in  1939  (3),  there  were  micrographs 
of shadow cast specimens of platelets and  fibrin. 
More recent studies of whole platelet preparations 
include  those  by Braunsteiner  and  Pakesch  (4), 
de Robertis  (5),  Haydon and  Corey  (6),  Hutter 
(7), K6ppel  (8), and Rebuck et al.  (9).  Utilizing 
thin  section  techniques,  Rinehart  (10)  and 
Kuhnke  (11,  12)  observed  some  of the  changes 
which occur in platelets as agglutination proceeds. 
In our laboratory we have used an in vitro model 
for the studyof platelet aggregation. Platelet-rich 
plasma  contains  the  plasmatic  clotting  factors 
and  most  of  the  platelets  but  only  a  very  few 
leucocytes and  erythrocytes.  The  use  of citrated 
blood allows the clotting reaction to  be initiated 
at will. The morphologic appearance of the plate- 
lets can be observed at any point in time by addi- 
tion of fixative to an aliquot of the plasma.  The 
progression of morphologic alterations is retarded 
by the use of silicone-coated glassware up  to  the 
point of fixation. Sequential alterations in platelet 
ultrastructure  which  might be  missed  if changes 
9.~,5 ~.o 
~  ~.~ 
g~ 
0 
~~  ~ ~ ~.~  ~ 
~~o  o~  o~ 
-F  -t-  -t-  4-  0  -H 
-t-  ~  -H  -H  ~ 
I  I 
I  I 
0  0  0 
Z  Z  Z 
+ 
¢'4  ¢'1 
~  t'~  N  ,~  u~  ~  ~ 
o 
~,~  ".~, 
0 
Q  ~ 
.:~  g~ 
ge2 
226  THE  JOURNAL  OF  CELL  BIOLOGY  •  VOLUME  16,  1963 were  allowed  to  occur  more  rapidly  are  demon- 
strated  by frequent sampling.  It appears  that  the 
platelet agregates which develop in this model are 
similar  to  if not  identical  with  those  which  form 
in vivo (2). 
In  a  previous  report  (13)  we  described  early 
alterations  in  the  fine  structure  of  platelets  ob- 
served after recalcification of platelet-rich plasma. 
These  included  reorientation  of cytoplasmic  con- 
tents,  pseudopod formation,  aggregation of plate- 
lets into masses,  and  the relation  of platelets  and 
platelet  aggregates  to  fibrin.  Further  study  of 
platelets  in  this  model  has  revealed  additional 
data  regarding  the  transition  from  the  native, 
intact,  oval-shaped  platelets  through  central 
granulomere  disintegration  and  membrane  dis- 
ruption to very small vesicular remains found in a 
dense  clot.  This  paper  correlates  the  progress  of 
macroscopically  visible  clotting  in  platelet-rich 
plasma  with  sequential  changes  in  platelet ultra- 
structure, with emphasis on progressive disintegra- 
tion of the platelet. 
MATERIALS  AND  METHODS 
The  entire  procedure  was  identical  with  that  de- 
scribed  previously in  detail  (13)  except for  modifi- 
cations  in the processing of tissue  samples.  Platelet- 
rich  plasma  prepared  from  normal  human  citrated 
blood  was  divided  into  two  portions.  Aliquots  of 
citrated  and  recalcified  citrated  plasma  were  kept 
at  37°(2  and  gently  swirled.  A  separate  tube  of 
recalcified plasma  was  observed  by means  of strong 
transmitted  light in order  to follow macroscopically 
the progress of platelet agglutination  (14).  At inter- 
vals  aliquots  of each  portion  of plasma  were  fixed 
for 30 minutes by adding OsO4 buffered to pH 7.35. 
After osmium  tetroxide  fixation  each  specimen was 
soaked  for  30  minutes  in Tyrode's solution.  During 
dehydration each specimen was soaked in  1 per cent 
HgCle in 70 per cent ethanol for 30 minutes to increase 
contrast.  All  samples  from  later  experiments  were 
embedded  in  both  methacrylate  and  Epon.  Thin 
sections cut with a  glass  knife were examined in an 
RCA  EMU-3B  electron  microscope  at  original 
magnifications of 3100 to 8200. 
RESULTS 
Eighteen  separate  experiments  utilizing  this  sys- 
tem were performed.  In each experiment  10 to 34 
samples were taken  at many different times from 
both citrated and recalcified citrated plasma.  The 
micrographs  in  the  paper  are  drawn  from  one 
experiment  in  which  24  samples  were  obtained, 
and  each  sample  was  studied  in  detail.  The  mi- 
crographs  were  chosen  to  illustrate  sequential 
changes  in  platelets as  they were observed  at  six 
different  times  following  recalcification,  and  the 
appearance  of  platelets  from  two  samples  of 
citrated plasma  taken at the beginning and at the 
end  of  the  experiment.  The  results  are  summa- 
rized in Table I. 
Platelets from Citrated  Plasma 
Platelets  obtained  from  citrated  plasma  care- 
fully  collected  in  silicone-coated  vessels  are  be- 
lieved  to  be  native,  intact  platelets.  They  are 
rounded and have continuous limiting membranes 
(samples  1 and  2,  Table  I;  Figs.  i  and  2).  Seg- 
mental  interruption  of  limiting  membranes,  re- 
ported  in  earlier  samples  (13),  is  not  observed. 
Cytoplasmic  organelles  similar  to  those  reported 
previously  are  seen  (13,  15-17).  Of  the  larger 
organelles the alpha granulomere,  with a  distinct 
border  and  homogeneous  ground  substance,  is 
the  more  numerous.  The  beta  granulomere,  or 
mitochondrion,  is seen much less frequently.  Also 
present  are  the  microvesicles  or  gamma  granu- 
lomeres  and  the  vacuoles or delta  granulomeres. 
There  are  occasional  short,  stubby  projections, 
seen  more  frequently  in  later  samples,  as  in  the 
2 hour sample  (Fig. 2). 
Aggregation  and Beginning Disintegration 
During  the  first  several  minutes  of the  experi- 
ment  platelets  obtained  from  recalcified  plasma 
are  morphologically  similar  to  those  obtained 
from  citrated  plasma.  After  about  10  minutes 
platelet  shapes  change,  becoming  bizarre  with 
multiple  pseudopods,  and  at  the  same  time very 
small  platelet  aggregates  are  first  seen.  In  the 
initial  experimental  sample  (sample  3,  Table  I), 
when  macroscopic  agglutination  of platelets  was 
evident,  there  are  both  simple  and  complex  ag- 
gregates.  Granulomeres  are  concentrated  in  the 
center  of the  platelet  (Figs.  3  and  4).  The  areas 
of granulomere concentration are electron opaque 
with  little vmiation  in  density  within  each  area. 
In  some  aggregates  the  platelet  limiting  mem- 
branes  are  intact  and  granulomeres  are  sharply 
defined  (Fig.  3).  In other aggregates  the central- 
most  granulomeres  are  less  sharply  defined  than 
peripheral  ones  (Fig.  4),  and  an  electron-lucent 
zone  is  observed  between  some  of  the  alpha 
granulomeres.  There  is  occasional  suggestion  of 
discontinuity  of  limiting  membranes  (Fig.  4). 
Fibrin is present  in  small amounts  in most fields. 
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degeneration is more  pronounced.  The  electron- 
lucent zone  is  larger  and  contains alpha  granu- 
lomeres  less  distinct  than  those  away  from  the 
electron-lucent area  (Figs.  5  and  6).  The  large 
size of an occasional mass and the great number 
of alpha  granulomeres within  the  mass  (Fig.  5) 
suggest that it is not one but several platelets now 
joined  together,  forming  a  single  cell.  In others 
(Fig. 6) some platelets are identifiable as individual 
cells  while  adjacent  areas  have  no  identifiable 
membranes except  about peripheral  pseudopods. 
Large, variously shaped pseudopods are frequently 
observed  at  the  peripheries  of  the  masses  (Figs. 
5 and 6). 
Platelet Membrane Disruption 
At the time a filmy fibrin clot is observed macro- 
scopically, many different configurations are seen 
in the platelet aggregates  (sample 5, Table I). As 
demonstrated  previously  (13),  platelets  in  many 
of the  aggregates have apparently intact limiting 
membranes,  although  the  different  types  of 
granulomere  structures  are  identified  with  less 
certainty than formerly (Fig. 7). In other platelets 
the electron-lucent zone as seen in earlier samples 
(Figs.  3  to 6)  is still larger  (Fig. 8)  and contains 
numbers of alpha granulomeres in various stages 
of degeneration.  In many of these platelets there 
is definite disruption of a  portion of the limiting 
membrane  (Fig.  8).  At  this  stage  fibrin is  more 
abundant and there is much more finely granular 
material in the  surrounding fluid medium  (Figs. 
7  and  8)  than in  earlier samples  (Figs.  3  to  6). 
Extensive examination of a  sample taken 20 sec- 
onds  before  the  filmy  clot,  but  not  illustrated, 
failed  to  reveal  either  membrane  disruption  or 
large  amounts of the  finely granular material in 
the fluid medium. 
Formation of Large Masses with Peripheral 
Vesicles 
Shortly after the formation of a  filmy clot, and 
as the  clot  becomes firm,  platelet aggregates  are 
seen  as  masses  with  loose  granular  centers  and 
peripheral  sac-like  protrusions  (sample  6,  Table 
I; Fig.  9).  The  sac-like protrusions have limiting 
membranes which are  intact where  they  present 
to  the  surrounding  fluid  medium  and  discon- 
tinuous where they present toward the mass. The 
vesicles contain finely granular material and a few 
degenerating vacuoles and  microvesicles. Neither 
alpha  granulomeres  nor  mitochondria  are  iden- 
tifiable at this time.  Fibrin is abundant adjacent 
to  the  granular center,  between the  protrusions, 
and away from the masses. At this time the masses 
are rather widely spaced. Examination of multiple 
sections from  this  sample  failed  to  reveal  either 
individual  intact  platelets  or  any  complex  ag- 
gregates such as those seen when a macroscopically 
visible  clot  first  formed.  Although  it  seems  un- 
likely, it is conceivable that free,  intact platelets 
could have been lost during processing. 
As  the  clot  becomes  more  dense  (sample  7, 
Table  I),  most  of  the  masses  are  larger,  more 
compact,  and  much  closer  together  (Fig.  10). 
Some  of the  sac-like  protrusions now  appear  as 
vesicles, surrounded by intact limiting membranes. 
Finely granular material and  occasional remains 
of microvesicles and vacuoles are observed in some 
of the  vesicles about  the  mass  (Fig.  11).  Except 
for  the  vacuoles  and  microvesicles,  the  material 
within the vesicles is similar in appearance to that 
in  the  surrounding  fluid  medium.  Some  of  the 
vesicles appear to be "pinching off" from the mass, 
as in the upper part of Fig.  11. Centrally the mass 
consists of fibrin and a  few poorly defined mem- 
brane  remnants.  The  vesicles  observed  at  this 
FIGURE  1 
Platelets from citrated plasma 25 minutes after venipuncture or 1 minute after addition 
of saline. Platelets are rounded and have continuous limiting membranes. Granulo- 
meres  are  randomly distributed within the  platelet,  c~,  alpha granulomere; /3,  beta 
granulomere; %  gamma granulomere; 6, delta granulomere. X  25,000. 
FIGURE 
Platelets from citrated plasma 2 hours after addition of saline. These platelets are simi- 
lar to those in Fig.  1 except that shapes are more variable, with more frequent short, 
stubby projections. X  25,000. 
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Parmeggiani  during  the  later  stages  of  platelet 
viscous metamorphosis  (18). 
Randomly Distributed Platelet Remains 
With  the  progression  of clot retraction,  masses 
such  as  those  seen  earlier  (Figs.  l0  and  11)  dis- 
appear.  The vesicular remains of platelets gradu- 
ally  become  less  in  number  until,  after  2  hours 
(sample  8,  Table  I),  only  a  few  such  structures 
are seen (Fig.  12).  These are dispersed at random 
among the strands of fibrin. They are smaller and 
have even less clear detail than  previously.  Much 
granular  material  and  scattered  membrane  rem- 
nants  are  present  in  the  fluid  medium  between 
the fibrin strands. 
Diagrammatic Summary of Electron 
Microscopic Data 
The  electron  microscopic appearance  of plate- 
lets  before  recalcification  and  their  progressive 
alterations  following  recalcification  are  summa- 
rized  in  Fig.  13.  The  intact  platelet  recovered 
from citrated  plasma  has  a  rounded  contour and 
random  distribution  of  cytoplasmic  organelles 
(Figs.  1 and  13 A). The first morphologic changes 
observed in experimental samples consist of central 
concentration  of  granulomeres  and  simple  ag- 
gregation  (Figs.  3  and  13  B).  Central  electron- 
lucent  zones  containing  disintegrating  alpha 
granulomeres then  appear  (Figs.  5,  6,  and  13  c), 
followed  by  disruption  of  the  platelet  limiting 
membrane  (Figs.  8  and  13  D).  Shortly afterward 
there  are  loosely  arranged  masses  containing 
granular  centers,  peripheral  sac-like  protrusions, 
and  abundant  fibrin  (Figs.  9  and  13  ~).  As  clot 
retraction  proceeds  these  masses  come  closer  to 
gether and become more compact with peripheral 
vesicular platelet remains (Figs.  10,  11, and  13  F). 
Finally there  are only a  few vesicular remains  of 
platelets  and  granular  material  randomly  dis- 
tributed  in a  dense fibrin clot (Figs.  12 and  13 G). 
DISCUSSION 
The  morphologic  changes  described  appear  to 
reflect the  progression  of the over-all clotting re- 
action. The  10 minute lag period and the interval 
of rapidly  occurring changes  suggest an accelera- 
ting reaction,  somewhat sluggish at first and  then 
becoming  more  and  more  rapid.  Disintegration 
of platelets,  beginning  shortly  after  reorientation 
of cytoplasmic contents  and  early aggregation,  is 
manifested  by  the  appearance  of  an  electron- 
lucent zone in  the center of the platelet and  pro- 
gressive  degeneration  of associated  alpha  granu- 
lomeres.  This  proceeds  to  disruption  of  platelet 
limiting  membranes  at  the  time  a  filmy  clot  is 
formed.  There  is  some  evidence  (Figs.  4  and  5) 
to suggest  that  coalescence of individual  platelets 
occurs  during  the  earlier  phases  of  aggregation, 
although the actual process of coalescence has not 
been specifically demonstrated.  At the time frank 
disruption  of  the  limiting  membrane  is  noted, 
much finely granular  material  is first  seen  in  the 
surrounding  fluid  medium,  suggesting  that  the 
finely granular  material is extruded platelet cyto- 
plasm. 
At  least  some  alpha  granulomeres  are  iden- 
FIGURE  3 
A relatively simple aggregate of four platelets l 1 minutes 30 seconds after rccalcification. 
Platelet limiting membranes arc intact.  Granulomcres are gathered toward the center 
of the platelet  and  are  still identifiable,  although  there  is  little variation in  density 
within the area of concentrated  granulomeres.  A  few fibrin strands  (F)  are present. 
X  25,000. 
FIGURE 
A  more complex aggregate from the same sample shown in Fig.  3.  In the platelet to 
the left, alpha granulomeres in the center are less distinct than those away from the 
center.  There  is  an  electron-lucent zone  at  A  between  several alpha  granulomeres. 
The limiting membranes between the platelet to the left and those to the right can be 
followed  downward  to  a  point,  B,  where  they  appear  to  end  abruptly,  suggesting 
discontinuity of the membranes.  There are several strands of fibrin (F).  X  25,000. 
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ruption  of the limiting membrane  and  filmy clot 
formation,  but  shortly  thereafter  none  are  recog- 
nizable  either  within  platelets  or  in  the  fluid 
medium.  During  the initial part  of the period in 
which  alpha  granulomeres  are  no  longer  iden- 
tifiable, the clot is rapidly becoming firm. At this 
time  there  is  at  least  an  apparent  increase  in 
fibrin, but clot retraction is not yet observed. This 
would  suggest  that  the  released  platelet  content 
plays  an  active  part  in  this  "firming up"  of the 
clot.  Schulz  and  Hiepler  (16)  demonstrated  in 
the  alpha  granulomere  fraction  of  homogenized 
platelets strong  platelet factor  1 (platelet acceler- 
ator)  activity and strong platelet factor 3  (a com- 
plex lipoprotein)  activity.  Although  definite con- 
clusions  as  to  release  of  specific  platelet  factors 
are  beyond  the  scope  of our  experiments  as  de- 
scribed, our findings would appear to be in agree- 
ment  with  that  concept.  We  have  not  observed 
identifiable  alpha  granulomeres  in  the  fluid  me- 
dium, and they therefore are presumably dissolved 
or released  as submicroscopic  particles. 
The  sac4ike  protrusions  noted  about  a  loosely 
arranged  mass  (Fig.  9) and vesicles later observed 
about more compact masses  (Figs.  10 and  11)  re- 
semble  and  probably  arise  from  the  pseudopods 
containing  finely  dispersed  granular  material,  as 
seen in the earlier stages of disintegration  (Figs.  3 
to  8).  Vesicles are  also  occasionally  seen  free  in 
the  fluid  medium,  adjacent  to  compact  masses 
and  with  a  teardrop  shape,  seemingly  recently 
detached  from  the mass  (13).  These  observations 
suggest that, after disruption of the limiting mem- 
brane  and  release  of  cytoplasmic  content,  these 
segments  of  limiting  membrane  partially  sur- 
rounding  fragments  of platelet cytoplasm form  a 
vesicle by  the joining  together  of the  open  parts 
of the  membrane  segment.  By  this  process  there 
would  be  reconstitution  of  the  covering  mem- 
brane about a portion of platelet cytoplasm. These 
vesicles are later found  randomly distributed  and 
in  various  stages  of  disintegration  in  a  dense  2 
hour clot. 
A  poorly  soluble,  contractile  protein  extract- 
able  from  platelets,  thrombosthenin,  has  been 
reported  by  Bettex-Galland  and  Lfischer  (19). 
Thrombosthenin  has  no  known  distinguishing 
morphologic  characteristics  and  therefore  is  not 
specifically identifiable in sections.  However, it is 
conceivable that  some of this material  is released 
at  the  time  of  platelet  limiting  membrane  dis- 
ruption  and  that  it  is  at  least  partly  responsible 
for initiating clot retraction,  which begins shortly 
after  membrane  disruption.  The  close apposition 
of platelet remains and fibrin during the period of 
clot  retraction  would  perhaps  allow  platelet- 
bound  thrombosthenin  to  act.  However,  if  any 
thrombosthenin  remains  within  the  vesicles  the 
gradual,  progressive  disintegration  of  vesicles 
observed  during  the  later  stages  of  our  experi- 
ment  may  provide  for  gradual  release  of throm- 
bosthenin  into  the fluid medium,  thus  enhancing 
further retraction of the clot. 
Part  of  this  work  was  presented  before  the  46th 
Annual  Meeting  of  the  Federation  of  American 
Societies for  Experimental  Biology,  April  14  to  18, 
1962, Atlantic City, New Jersey. 
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FIGURE  5 
A  platelet mass  at  I l  minutes  50 seconds  after recalcification. The central  electron- 
lucent  zone is morc prominent  than  previously.  Scveral granulomercs  in this region 
are indistinct while peripheral ones stiU have sharply defined borders. The large number 
of alpha granulomeres and the over-all size of this platelet mass suggest the possibility 
that this is not one but scvcral platclets now joined togcthcr as a single cell.  M 25,000. 
FIGURE 6 
Part of a large aggregate from the same sample shown in Fig. 5. The over-aU sizc of the 
aggregate as seen in two dimensions was  l0  X  6  IZ. The platclet in the uppcr  right 
contains  disintegrating  alpha  granulomcres  within  a  large  clectron-luccnt  area.  In 
the lower part  therc  is  an  area  of poorly  defined  granulomcrc  structures.  Limiting 
membranes are identifiable only about peripheral pscudopods.  X  25,000. 
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FIGURE  7 
An  intricate  platelet  aggregate  at  the  time  of filmy  clot  formation,  12  minutes  50 
seconds  after  rccalcification.  Limiting  membranes  appear  to  he  intact,  although 
granulomcre structures are identified with less  certainty than previously.  There is an 
occasional  structure  suggesting  a  degenerating  mitochondrion  (M).  Fibrin  (F)  is 
present  between  platelets  within  the  aggregate,  adjacent  to  the  aggregate,  and  in 
areas devoid of platclets. There is much finely granular material in the fluid medium. 
X  25,000. 
lq'kOURE 8 
Another area from the same sample shown in Fig.  7, The central electron-lucent area 
is much larger than such areas seen in earlier samples  (Figs. 4 to 6)  and contains dis- 
integrating alpha  granulomeres.  Vacuoles  and  microvesicles  are  present  away  from 
the degenerating center. There is disruption of the platelet limiting membrane below. 
X  25,000. 
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A  typical mass at about 11/~ minutes after formation of a  filmy clot. The center of the mass contains 
loosely  arranged  granular  material  with  no  identifiable  granulomeres.  Some  peripheral  sac-like 
protrusions contain finely  granular material  and  occasional vacuoles, as in the lower right.  Fibrin 
strands  (F)  are  found adjacent  to the  granular center,  between the protrusions, and  at  a  distance 
from the mass. These masses are rather widely separated at this time.  X  25,000. 
FIG~mE  10 
Several  masses typical of thosc scen at  25  minutes after rccalcification  or  12  minutes 
aftcr formation of the filmy clot.  The masses vary in size and configuration. I)istanccs 
separating masses vary, but the masses are more closely apposcd than in carlicr samples. 
Sac-likc  protrusions are  variously placed  about  the  masses, which  consist largely  of 
fibrin.  Note the abundant granular material in the fluid medium.  X  9500. 
FIGURE  11 
Insert area  in Fig.  10.  Some of the  protrusions have intact  limiting membranes and 
others appear to bc disintegrating. In the upper left a  sac-like protrusion has a  narrow 
attachment to the mass, suggesting that it is in the process of "pinching off" from the 
mass.  Degenerating microvesiclcs and  vaeuolcs are seen in several vesicles  about thc 
mass. In the central part of the mass there is much fibrin and somc structures suggesting 
membrane remnants with very little  variation in electron opacity.  X  25,000. 
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A  dense clot 2 hours after rccalcification.  Masses such as those in Figs.  10 and  ll  arc no longer ob- 
served.  There arc many closely apposed strands of fibrin, a few small vcsicular remains as in the lower 
left, and membrane rcmnants as in the upper right parts of the field.  X  25,000. 
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Diagram of orderly changes occurring in platelets during clotting. 
A.  Platelets  from citrated  plasma have rounded  contours  and  random  distribution 
of granulomeres. 
B.  The  earliest  demonstrable morphologic  changes  after  the  clotting  reaction  be- 
gins  consist  of  central  concentration  of  granulomeres,  pseudopod  formation,  and 
simple aggregation, forming a  mosaic. A  few fibrin strands are present. 
c.  A  central  electron-lucent  zone  containing degenerating  alpha granulomeres has 
appeared. 
D.  The central  electron-lucent zone containing degenerating alpha granulomeres is 
more prominent,  and  there is disruption of the platelet  limiting membrane.  Fibrin  is 
more prominent than previously. 
E.  This  aggregate  appears  as a  mass with a  loosely  arranged,  granular  center  and 
peripheral sac-like protrusions.  Fibrin is abundant. 
F.  This compact mass of granular platelet remains, peripheral  vesicles, and fibrin is 
typical of those seen in a  partially retracted  clot. 
G.  A  few  randomly distributed  vesicular remains of platelets  are found  in  a  dense 
clot with scattered granular material. 
RODMAI'~, PAINTER,  AND  McDEwTT  Platelet  Disintegration during Clotting  241 